19 B-cells are essential in the defense against Mycobacterium tuberculosis. Studies on isolated cells 20 may not accurately reflect the responses that occur in vivo due to the presence of other cells. This 21 study elucidated the influence of microenvironment complexity on B-cell polarisation and function 22 in the context of TB disease. B-cell function was tested in whole blood, PBMC's and as isolated 23 cells. The different fractions were stimulated and the B-cell phenotype and immunoglobulin profiles 24 analysed. The immunoglobulin profile and killer B-cell frequencies varied for each of the 25 investigated sample types, while in an isolated cellular environment, secretion of immunoglobulin 26 isotypes IgA, IgG2 and IgG3 was hampered. The differences in the immunoglobulin profile 27 highlight the importance of cell-cell communication for B-cell activation. In contrast, increased 28 frequencies of killer B-cells were observed following cellular isolation, suggesting a biased shift in 29 augmented immune response in vitro. This suggests that humoral B-cell function and development 30 was impaired likely due to a lack of co-stimulatory signals from other cell types. Thus, B-cell 31 function should ideally be studied in a PBMC or whole blood fraction. 32 33 42 et al., 2010b; Carter, Rosser and Mauri, 2012a), and the presence and activation of these cell 43 types may contribute significantly to the function of a cell type of interest, through directing the 44 mounting immune response. As such, absence of these cells during isolated cell studies may 109 limitations involved in comparing plasma supernatants to culture supernatants, only differences 110 between PBMCs and isolated B-cells were considered. Here, significant decreases in the observed 111 concentration of all immunoglobulin isotypes were observed for isolated B-cell culture supernatants 112 compared to those of PBMC samples.
Introduction
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Over the past two decades, researchers have increased the use of cell culture and isolated tissue 35 samples for biological research as an alternative to in vivo animal studies, due to the large cost 36 and strict regulatory conditions involved (Murphy, 1991; Brown Jr, 1997; Adams and Larson, 37 2007) . For this reason, cell culture studies have formed the fundamental basis of a variety of 38 research topics (4). While the information gained from these isolated cell studies provides 39 valuable insight into biological mechanisms under investigation, they do not account for the many 40 factors that control these physiological responses in vivo. Numerous studies have illustrated the 41 ability of various cell types to modulate the host immune response under different conditions (Blair result in artificial observations and inaccurate assumptions regarding the role of a cell population during health and disease. The effects of isolation on investigated cellular responses is evident in 47 frequencies was observed between whole blood and PBMCs. However, a shared pattern of 142 decreased CD19 + CD21 + CD23 -(MZ) B-cells, whilst an increase in CD19 + CD21 + CD23 + (T2) B-cells, 143 CD19 + CD21 -CD23 + (FO) B-cells and CD19 + CD21 -CD23 -(T1) B-cells was observed for all sample 144 types following each successive isolation procedure (Fig. 3A) . Regrettably, the significance of 145 alterations in these B-cell frequencies for isolated B-cell samples cannot be analyzed, however a 146 sizeable difference in the investigated frequencies is apparent. These results indicate the potential 147 impact that B-cell isolation has on maturation in response to stimulation in vitro. 
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Furthermore, the effects of stimulation condition were examined (Fig. 3C) . A common shift of 155 increased B-cell frequencies was observed for most of the population subsets investigated 156 following TLR9a stimulation compared to unstimulated controls. A significant increase in the that shape the immune response to various antigenic stimuli. In accordance, the purpose of this pilot study was to determine the effect of microenvironment complexity on B-cell function and to 171 determine the significance of the use of isolated cell culture techniques in studies inferring the role 172 of B-cells during TB disease.
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Current research findings have signified the importance of B-cells during M.tb infection, in which 174 absence or impaired function of this immune cell type has been associated with poor disease 175 prognosis (Achkar et al., 2015; Bénard et al., 2018; Du Plessis et al., 2016a , 2016b Rao et al., 176 2015) . For decades, the primary function of B-cells was considered to be antibody secretion, 177 forming part of the adaptive humoral response (Abbas et al., 2014; Zabriskie, 2009 ). These 178 humoral immune responses were considered to be effective in controlling the growth and survival 179 of extracellular invading pathogens exclusively. However, recent investigations analysing the 180 efficiency of antibody-mediated immunity against several intracellular pathogens, including M.tb, 181 have since disproven this notion (Achkar and Casadevall, 2013; Chan et al., 2014) . In addition, across the different sample types, in which the relative percentage contribution of each of the 196 measured isotypes, with the exception of IgG4, differed significantly ( Fig. 1 ). Sample type, rather 197 than stimulation condition, had a significant effect on the observed immunoglobulin profile. More specifically, a significant decrease in the relative abundant of IgG1 was observed following PBMC isolation compared to whole blood samples, while a significant increase in the relative abundance 200 of IgG3 was found. The same pattern in the immunoglobulin expression was observed when 201 comparing isolated B-cell samples with PBMCs. Importantly, the observed 'increase/decrease' in 202 antibody levels is not equivalent to the concentration of these isotypes within a given sample but 203 rather indicates the relative immunoglobulin diversity within the cellular microenvironment. The 204 physiological implications of altered immunoglobulin production have been extensively reviewed in 205 several disease states, where deficiency has been associated with increased susceptibility to 206 bacterial infection (Franz et al., 1997; Hermans et al., 1976) .
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Immunoglobulins was shown to have a half-life of between 5-21 days (Anderson et al., 2006; Kim 208 et al., 2007) . Thus, circulating levels of antibodies were present within the plasma of whole blood 209 samples prior to stimulation, whereas cells within the PBMC and isolated B-cell fraction were 210 incubated in fresh media ( Fig. 2A ). This may have resulted in possible artefactual observations in 211 the relative reduction in immunoglobulin levels for whole blood samples compared to PBMC and 212 isolated B-cell samples. As such, significance of the observed [Ig] decrease was only considered 213 between PBMCs and isolated B-cells. Collectively, these results illustrated that isolation 214 procedures profoundly hindered the ability of B-cells to secrete several immunoglobulin isotypes;
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underscoring the fact that the presence of additional cell types is required for augmented B-cell 216 activation and function.
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Research has implicated IgA and IgG as leaders in protective anti-TB humoral immunity (Balu et 218 al., 2011; Achkar, Chan and Casadevall, 2015; Abebe et al., 2018) . The exact mechanisms by 219 which these immunoglobulins achieve the protective effect is still unknown, and further 220 investigation into their cellular targets is needed to better understand the role they play during TB 221 disease (Li et al., 2017) .
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Investigation of isolated cell studies on B-cells at the site of infection may provide valuable insight 223 into anti-TB immunity. Mechanisms by which T-cells and dendritic cell induce this process are,
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directly through cell-cell interactions with adjacent B-cells and indirectly through the secretion of 225 various soluble molecules (Fayette et al., 1997; Le Bon et al., 2001b) . Studies utilising animal 226 models to study anti-TB humoral immunity in vivo and ex vivo analysis of human samples from healthy and active TB participants has proved that humoral responses do in fact aid in the defence 228 against M.tb infection (Achkar and Casadevall, 2013; Achkar et al., 2015; Chan et al., 2014) . This 
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profound impact on the activation and function of B-cells. These complex interactions underscore 257 the basis for the use isolated cell studies to investigate cellular function, in an attempt to limit the 258 degree of external factors influencing the observed results. This allows for the assumption, with 259 complete certainty that the measured output for a cell population is in response to a particular drug 260 or stimulus. However, it is important to remember that these isolated interactions are not indicative Heparinized peripheral blood (18ml) was collected, of which 3mL was set aside for stimulation.
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From the remaining whole blood, peripheral blood mononuclear cells (PBMCs) were isolated using 283 the ficoll-histopaque (GE Healthcare Life Sciences, USA) density gradient method. A fraction of the from the remaining PBMCs using MACS bead technology, according to the manufacturer's 286 instructions, with the B-cell isolation kit II (Miltenyi Biotec, South Africa). Once all the sample 287 fractions had been collected, the cells were stimulated as described below. Purity of the enriched 288 B-cell samples was confirmed by flow cytometry using anti-human CD19 mAb. All samples with 289 resulting gated purity of above 90% were included in analysis. plate in a total of 1.1mL (stimulants were diluted in complete media and added to 1mL blood). All 298 sample fractions were incubated at 37 o C and 5% CO 2 for 24 hours. Following incubation, the 299 plasma (in case of whole blood) and culture supernatants (in the case of PBMCs and isolated B-300 cells) were harvested, passed through a filter of 0.22μm (to remove any bacilli that may be 301 contained within the sample) and stored at -80 o C for measurement of immunoglobulin secretion.
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The cells were then fixed with 4% paraformaldehyde (eBioscience, USA) for 30min at 37 o C, ( 24-hour stimulatory period, cells from each of the stimulatory conditions, for all 536 sample types, was collected and the B-cell phenotypic frequencies determined using 537 flow cytometry. Notable, statistical significance was only investigated for whole blood 538
and PBMC sample type as isolated B-cell samples for the respective QFN groups 539
were pooled (according to stimulation condition) prior to flow analysis, due to 540 inadequate cell numbers. Whiskers denote 10-90 percentile. Statistical differences 541 between culture conditions was calculated using a four-way mixed model ANOVA.
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Comparisons within groups was calculated using the Fishers LSD post-hoc test. A 543 two-way step-up Benjamini, Krieger and Yekutieli False Discovery rate (FDR) 544 approach, with a FDR of 1%, was used to correct for multiple testing. Statistical 
